We recently reported that the concentration of supplemen tal ascorbate which inhibits cell growth is positively related to in tracellular catalase activity. It is assumed that the cells with high Catalase activity are resistant to high concentrations of ascorbate since catalase can decompose hydrogen peroxide (H2O2) induced by the auto-oxidation of ascorbate in cultured medium. In this study, we investigated whether intracellular catalase activity affects the uptake of ascorbate into animal tissue and cultured cells. Ascorbate concentrations in the tissues of guinea pigs and various cultured cells, with and without supplementation of ascorbate, were determined to evaluate the efficiency of ascorbate uptake. We found a positive correlation between the efficiency of ascor bate uptake and catalase activity in various tissues of guinea pigs (r= 0.767, p<0.05). Furthermore, a positive correlation between the two was also found in various species of cultured cells. This study indicates that tissues and cells with higher efficiency of ascorbate uptake are required for higher catalase activity, presumably for the decomposition of H2O2 from ascorbate.
Summary
We recently reported that the concentration of supplemen tal ascorbate which inhibits cell growth is positively related to in tracellular catalase activity. It is assumed that the cells with high Catalase activity are resistant to high concentrations of ascorbate since catalase can decompose hydrogen peroxide (H2O2) induced by the auto-oxidation of ascorbate in cultured medium. In this study, we investigated whether intracellular catalase activity affects the uptake of ascorbate into animal tissue and cultured cells. Ascorbate concentrations in the tissues of guinea pigs and various cultured cells, with and without supplementation of ascorbate, were determined to evaluate the efficiency of ascorbate uptake. We found a positive correlation between the efficiency of ascor bate uptake and catalase activity in various tissues of guinea pigs (r= 0.767, p<0.05). Furthermore, a positive correlation between the two was also found in various species of cultured cells. This study indicates that tissues and cells with higher efficiency of ascorbate uptake are required for higher catalase activity, presumably for the decomposition of H2O2 from ascorbate.
Key Words ascorbate, catalase, hydrogen peroxide L-Ascorbic acid is known to defend tissues against damage by free radicals because of its antioxidant properties (1-3). On the other hand, ascorbic acid also has the paradoxical ability to act as a pro-oxidant in the presence of metal ions such as Fe3+ or Cu2+ (4-7). Many authors have reported an inhibitory effect of ascorbate on cell growth in vitro (8) (9) (10) (11) . It is assumed that H2O2 derived from an aqueous solution of ascorbate is responsible for the inhibitory effect on cell growth (12) (13) (14) .
A previous paper by our group (15) showed that increasing the concentration of ascorbate in cultured medium resulted in increased H2O2, inducing cytotoxicity, and that the addition of catalase to medium was useful for preventing cytotoxicity induced by a high concentration of ascorbate. We recently reported (16) Animals. Three-week-old guinea pigs were housed individually under stand ard laboratory conditions with food (containing 0.5mg ascorbic acid/30g food/ day) and water available for seven days. L-Ascorbic acid dissolved in 5% sucrose water (100mg/ml/animal) was orally administered by syringe. Tissue excised after fasting for 6h was used for the measurement of ascorbate. In one experiment, one animal administered ascorbate and one animal not administered ascorbate were examined. Experiments were repeated six times. rinsed three times with phosphate-buffered saline (PBS(-) Nissui Pharmaceutical Co.), and the cells were dispersed by ethylenediaminetetraacetic acid disodium salt (EDTA-2Na) and trypsin (GIBCO, N.Y., USA). Measurement of ascorbate uptake. The tissues of animals administered and not administered ascorbate were homogenized in 2% (w/v) metaphosphoric acid solution. After pre-culturing for two days in medium without ascorbate, the cells were incubated for 120-360min with 0.1mM L-ascorbic acid sodium salt (Kanto Chemical Co., Tokyo), which did not induce cytotoxicity in cells employed in this study, freshly prepared immediately before use. Ascorbate concentrations in the cells were measured at various times. (intervals of 10, 15 or 20min). Adhesive cells were washed with PBS(-) three times after removal of the medium from the culture dish. The ascorbate in cell layers was extracted using a 2% (w/v) metaphosphoric acid solution. The cell suspension of non-adhesive cells was centrifuged, and the pellets were then washed with PBS(-) three times followed by the addition of metaphosphoric acid solution. After centrifugation of these extracts, ascorbate in supernatant was analyzed by HPLC-ECD (VMD-IOTA, Yanaco, Tokyo). The mobile phase consisted of 30mM potassium dihydrogenphos phate and 0.1mM EDTA-2Na (adjusted to pH 2.3). Separation was achieved using a ODSII column (GL Science, Tokyo), and the flow rate was 0.6ml/min. The applied potential of ECD was 800mV.
Measurement of catalase activity. The tissues from guinea pigs were homo genized in phosphate buffer (30mM, pH 7.0). The cells were cultured for three days in medium without ascorbate. Adhesive cells were washed with PBS(-) three times after removal of the medium from the culture dish. The catalase in cell layers was extracted using PBS(-) containing 0.1% TritonX-100. The cell suspension of non-adhesive cells was centrifuged, and the pellets were washed with PBS(-) twice, followed by the addition of PBS(-) containing 0.1% TritonX-100. After centrifugation of these extracts, the catalase activity of the supernatant was determined by the spectrophotometric disappearance of H2O2 (21) . The decompo sition of l0mM H2O2 was measured for 0-60s at UV 240nm. Efficiency of ascorbate uptake=concentration of ascorbate in administered animal/ concentration of ascorbate in control animal.
kidney, small intestine and lung tissues. The brain was less affected by ascorbate. Figure 2 shows catalase activity in various tissues of guinea pigs. The liver, with the highest catalase activity, showed highly efficient ascorbate uptake. In contrast, the brain, heart and muscle tissues, with relatively low catalase activity, revealed a low efficiency of ascorbate uptake. 
DISCUSSION
Although it has been known that high concentrations of ascorbate inhibit cell growth in vitro because of the generation of H2O2, presumably from a high concentration of ascorbate, it is generally thought that high ascorbate intake is not toxic in vivo. Therefore, we assumed that functional and physiological systems protected the tissues from damage-inducing H2O2 or radical oxygen species in vivo. Based on our previous report (16) showing a positive correlation between catalase activity and inhibitory concentrations of ascorbate on cell growth, we hypothesized that behaviors of ascorbate, such as uptake and release in cultured cells or tissues, may be defined by the intensity of the catalase activity. In order to verify this hypothesis, we examined the efficiency of ascorbate uptake into the tissues of guinea pigs supplemented with ascorbate, because the efficiency can reflect the ability of membrane transport per unit of time. As shown in Fig. 4 , there was a significantly positive correlation between catalase activity and the efficiency of ascorbate uptake (r=0.767, p<0.05).
From this, it can be assumed that high catalase activity is required for highly efficient ascorbate uptake and vice versa.
Further investigation was conducted to clarify this point using various species of cultured cells supplemented with ascorbate. The data on the intracellular activity of catalase in these cells have been reported in a previous paper (16) . The efficiency of ascorbate uptake was quite different among cultured cells, as shown in Fig. 5 . HL-60 cells, which had higher catalase activity, showed more efficient ascorbate uptake. In contrast, cell species such as 3T6, RCR1 and PC 12, which had lower catalase activity, were less efficient in terms of ascorbate uptake. Using these data, we also found a positive correlation between catalase activity and the Efficiency of ascorbate uptake=concentration of ascorbate in administered animals/concentration of ascorbate in control animals Many authors have reported that ascorbate at concentrations ranging between 0.05 to 1.1mM suppressed cultured cell growth (8-10, 12, 22-25) . This inhibitory effect has been ascribed to H2O2 derived from ascorbate (12) (13) (14) (15) . However, there is very little evidence of the inhibitory effect of ascorbate in vivo. H2O2 is considered to be toxic to cultured cells incubated lacking intermediate protective enzymes such as catalase (16) .
In this study, we found that there was a positive correlation coefficient between the efficiency of ascorbate uptake and the activity of catalase both in vitro and in vivo. This relationship might be one of the reasons why cytotoxicity by ascorbate observed in cell culturing systems has not been observed in vivo. Further studies will be required in order to clarify the relationship between catalase activities and cytotoxicity caused by ascorbate in vivo.
